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1
ANTISTATIC POLYESTER FIBERS

BACKGROUND OF THE INVENTION )

1. Field of the Invention .- ..

The present invention relates to antistatic polyester
fibers. More particularly, the present invention: relates
to hollow antistatic polyester fibers consisting of a sin-
gle component and.in. which antistatic agents are dis-
persed in a high density around the hollow of the fiber.

2. Description of the Prior Art

Synthetic fibers the. typlcal example of whlch IS a
polyester fiber are Superior in various propertles, such
as mechanical strength durablllty and function, to natu-
ral. fibers. However, the polyester fibers have a._fatal
disadvantage in that they are liable to chargmg wrth
static electricity because of their hlgh electrlcal res1s-
tance.

Various methods have been heretofore pr0posed to
prevent the synthetic fibers from being charged with
static electricity. However, these methods all have ad-
vantages and disadvantages. That is, it is the state of the
art that the conventional methods are not completely
satisfactory in respect of yarn-making cost, antistatic
property and durability thereof, and the physical prop-
erties of the resultant fibers. The simplest conventional
method comprises spreading or applying an antistatic
agent on the surface of the fiber. This method 1s disad-
vantageous in that the antistatic agents deposited on the
surface of the fiber are liable to be removed during the
dyeing step or repeated washings, and thus, a perma-
nent antistatic property can not be imported to the fiber.

If focus 1s directed only to the antistatic property of
the synthetic fibers, the durability of the antistatic prop-
erty is a basic requistte. In this sense, it can be stated that

a preferable method for rendering the synthetic fibers

antistatic is to incorporate antistatic agents into the
synthetic resins from:which the fibers are made before
spinning. In this regard,.the following means are well
known. That is, (a) Japanese Patent Application Publi-
cation No. 39-5214 discloses incorporating uniformly a
polyoxyalkylene glycol into synthetic resins; (b) Japa-
nese Patent Application Publication Nos. 47-11280,
46-22200 and 47-10246 disclose incorporating a mixture
of a polyoxyalkylene glycol and sodium alkylbenzene-
sulfonate into synthetic resins and (c) Japanese Patent
Apphication Laid-open No. 53-149247 discloses incor-
porating a mixture of a polyoxyalkylene glycol and a
sodium alkyl sulfonate into.synthetic resins. These pub-
lications generally recommend that the antistatic agents
are used in amounts of 2% by weight or more ((a)), from
0.7 to 8% by welght ((b)) and from. 10 to 2.0% by
welght {(c)), respectively. It 1s necessary, however to
use a relatively large amount of the antistatic agent in
order to attain a practlcal antistatic. effect That. is,. the
method (a) requires 6% by welght or more; the method
(b) about 7.5% by werght and the method (c) 3% by
weight, as disclosed in the respective examples. The use
of such a large amount of the antistatic agent results in
not only the deterioration of the mechanical prOpertles
of the resultant fiber itself, but also a reduction in fast-
ness when the fiber is dyed In addition, the conven-
tional antistatic agents mevrtably have a high afﬁmty to
water. Accordlngly, when a knitted or woven fabric
made from the fibers resultmg from the above men-
tioned methods is subjected to a scourmg, dyelng or
washing procedure mvolvlng the use of water, the anti-
static agents present in the lnterlor of the fiber are dis-
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solved out from the surface of the fiber, which results in
a rapid decrease in the antistatic property of the fabric
for this reason, in- practice, it is necessary to use the
antistatic agent in amounts large enough to compensate
for.such loss, which results in an increasing deteriora-
tion in the physical properties of the resultant fiber.
~Among the.decreased physical properties of the fiber,
a most serious disadvantage which can not be over-
looked is the fibrillation of the fiber which is high in the
polyester fibers. This phenomenon is due to the fact that
the polyester fiber essentially has a poor compatibility
with the .antistatic agent. In particular, when the
amount of antistatic agent used is about 4% by weight
or more, the resultant fiber is liable to be fibrillated and
this propensity is further provided by mechanical action

exerted on the fiber.

In order to prevent the deterioration of the physu::al
properties of the fiber, a composite spinning method for
preparing a core-in-sheath type fiber 1s known. In this

- method, at least two types of polymers are used. The

sheath component comprises a homopolymer, while the
core component comprises the same or a different poly-
mer containing a large amount of an antistatic agent, a
polymer containing a significant amount of an electric
conductive material such as carbon or metals, or a poly-
mer which has undergone a high degree of chemical
modification. In this type of fiber, even if the amount of
antistatic agent used 1s decreased, an excellent antistatic
property can be obtained without having an adverse
effect on the mechanical properties and dyeing property
of the fiber. However, as has been previously indicated,
this method has a great disadvantage in that it is remark-
ably costly to prepare the fiber, which makes it impossi-
ble to put it to practical use.

Notwithstanding that a number of methods for ren-
derlng the synthetic fibers antistatic, such as the spread-
ing method, the incorporating method and the compos-
ite spinning method, have been proposed since the ap-
pearance of the fibers, none of these methods could
have simultaneously satisfied the above mentioned re-
quirements such as the practical level of antistatic ef-
fect, and the durability thereof; the high mechanical
strength resistance to fibrillation, excellent dyeablllty
and low cost of yarn—makmg

SUMMARY OF THE INVENTION

The primary ob_lect of the present invention is to
provrde an antistatic polyester fiber having not only
long-lastlng antistatic property, but also a high mechan-
ical strength, a high resistance to fibrillation, and an
excellent dyeability, particularly, ability to exhibit an
excellent color tone (clarity) where dyed, by overcom-
ing the antlnomlc problem lying between the antistatic
property and the mechanical and chemical properties
without’ resortlng to a composite spinning method.

In the course of the realization of the above men-
tioned object, the inventors of the present invention
have studied how to obtain a desirable antistatic effect
with a smaller amount of an antistatic agent. This is
because when desirable functions are to be imported to
a polyester fiber consisting of a smgle component with-
out resortlng to a composite spinning method, the anti-
static agent should be inevitably used in an amount as
small as possible, which i is accompanied by a reduction
in the antistatic property of the resultant fiber. As a
result of their studies, the inventors of the present inven-
tion have found that when the antrstatlc agents are con-
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centrated at a particular region of the cross section of
the fiber instead of dispersing the antistatic agents uni-
formly throughout the cross section of the fiber, even if
the amount of antistatic agent used is smaller than that
used in the conventional antistatic fibers, the antistatic
property of the resultant fiber is remarkably improved.

Thus, the present invention provides a hollow antista-
tic polyester fiber composed of a single polymeric com-
ponent, having a hollow extending along the longitudi-
nal axis thereof, the hollow ratio being at most 15%, and
containing (a) a polyoxyalkylene glycol substantially
non-reactive with said polyester and (b) an ionic antista-
tic agent, dispersed through the fiber in an amount of at
most 3% by weight based on the weight of the fiber,
characterized by the presence of a highly conductive
core portion formed by the predominant dispersion of
the polyoxyalkylene glycol (a) around said core in a
high density.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is an enlarged view (electron micrograph at a
magnification of 10,000) of a part of the transverse cross
section of an antistatic polyester fiber according to the
present invention;

FIG. 2 1s a sketch of FIG. 1.

FIG. 3 1s a cross-sectional view of an example of the
spinneret usable for the production of the fiber of the
present invention; and,

FIG. 4 1s a cross-sectional view of the spinneret in
- FIG. 3 taken along the line c-c'.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention is based on the concept that
when the antistatic agent is dispersed in a relatively
high density at a particular portion of the cross section
of the fiber, a satisfactory antistatic effect can be at-
tained without having a substantial adverse effect on the
physical properties of the fiber. This concept of the
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center of the fiber to about a one-half of the radius of the
fiber. This concentrated dispersion makes it possible to
enhance the antistatic property of the resultant fiber
while causing the amount of the antistatic agents to be
reduced. This advantage will be illustrated by an exam-
ple. | | o
- Supposing that the radius of the conventional fiber is
r and the amount of polyalkylene glycol used is X, the
average density (Xa) of the antistatic agent in the corss-
sectional direction of the fiber is represented by X/7rr2.

On the other hand, supposing that a hollow fiber
having a radius of r and a hollow ratio of 5% contains
a polyalkylene glycol in an amount of X and one-half
(X/2) of the polyalkylene glycol bleeds out at a region
extending from the center of the fiber to r/3, i.e. a small
circle having a radius of r/3, the density (X6) of the
polyalkylene glycol within the small circle is repre-
sented by the following equation: |

Also, the density (Xc) of the polyalkylene glycol
within a ring surrounding the bleed-out region is repre-
sented by the following equation:

X/2

Xe = =L
Ty

X
=T

35

present invention is quite ditfferent from the conven- 40

tional concept of dispersing a large amount of the anti-
static agents uniformly throughout the cross section of
the fiber. The inventors of the present invention have
found that such fiber can be obtained by coupling a
combination of antistatic agents with a particular spin-
ning method. That is, the inventors of the present inven-
tion have found that when a hollow fiber is spurn from
a molten polymer containing an antistatic agent consist-
ing of a polyoxyalkylene glycol and an ionic antistatic
agent, the ionic antistatic agent is almost uniformly
dispersed throughout the cross section of the resultant
fiber, while the major portion of the polyoxyalkylene

glycol i1s condensed around the hollow of the resultant

fiber. That is, the polyoxyalkylene glycol presents a
specific phenomenon of one type of “Bleed out”. The
above mentioned discovery is quite surprising in the
light of the conventional concept that the antistatic
agent 1s uniformly dispensed throughout the cross sec-
tion of the fiber. This phenomenon can be caused only
by utilizing a coupling of a combination of the antistatic
agents with a hollow spinning technique. Although the
reason for this has not been clear as yet, it is considered
that the ionic antistatic agent serves to promote the
bleed-out of the polyoxyalkylene glycol only when a
hollow fiber is spun from a molten polymer containing
these antistatic agents. Also, the polyoxyalkylene glycol
usually bleeds out at a region around the hollow of the
fiber, 1.e. a hollow core portion, which extends from the
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The foregoing will be summarized as follows.

1. Even if the amount (X) of the polyoxyalkylene
glycol is the same, the glycol density within the hollow
core portion of the hollow fiber according to the pres-
ent invention is about 9 times that of the core portion of
the conventional fiber and the glycol density of the
peripheral portion around the hollow core portion is
about 3 times that by the peripheral portion around the
core portion of the conventional fiber.

2. Even if the amount of the polyoxyalkylene glycol
is reduced to one-half (X/2) for the follow fiber accord-
ing to the present invention, the glycol density of the
hollow core portion of the hollow fiber is as high as
about 4.4 times that of the core portion of the conven-
tional fiber, while the glycol density of the peripheral
portion around the hollow core portion is as low as }

times that of the peripheral portion around the core

portion of the conventional fiber. Accordingly, the
hollow fiber of the present invention remarkably im-
proved In respect to antistatic property, physical prop-
erties, particularly resistance to fibrillation, dyeability
and color tone, as compared with the conventional
antistatic fiber. - -
The present invention will be illustrated in a more
concrete form. FIG. 1 is an electron microphotograph
of a portion of the transverse cross section of an antista-
tic fiber having a monofilament denier of 2.1 d accord-

ing to the present invention at a magnification of 10,000.

The fiber comprises a polyethylene terephathalate and
as an antistatic agent, a 2:1 mixture of a polyoxyalkylene
glycol having a molecular weight of 20,000 and a so-
dium alkylsulfonate having 12 to 13 carbon atoms,
which mixture is added in an amount of 0.9 part by
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weight with respect to the weight of the fiber. In FIG.
1, the white finely-divided particles which are almost
uniformly dispersed throughout the cross section of the
- fiber indicate the sodium alkylsulfonate. On the other
hand, the finer particles in the form of a black dot indi-
cate the polyoxyalkylene glycol which is concentrated
at a region around the hollow of the fiber in 2 much
higher density than that at the other, regions of the
fiber. FIG. 2 1s a sketch of the microphotograph shown
in FIG. 1. Referring to FIG. 2, the black dot indicates
the polyoxyalkylene glycol, while the white blank dot
indicates the sodium alkylsulfonate. The interior of the
circles represented by the broken line indicates a so-
called hollow core portion (h) at which the polyoxyal-
kylene glycol bleeds out in a high density. It is to be
noted that the density of the polyoxyalkylene glycol
within the hollow core portion gradually increases
toward the peripheral wall of the hollow. The presence
of such a core portion in the fiber is effective for en-
hancing the antistatic property of the fiber for the fol-
lowing reasons: the polyoxyalkylene glycol is bled out
In the vicinity of and/or deposited onto the peripheral
wall of the hollow continuously extending in the longi-
tudinal direction of the fiber, so as to form a substan-
tially continuous layer of the antistatic agent therein;
electric charges generated on the surface of the fiber
move to the continuous layer due to dielectric break-
down, and; the moved charges escape while passing
through the continuous layer in the longitudinal direc-
tion of the fiber.

The term “‘substantially continuous layer” as used
herein refers to a layer in the vicinity of the peripheral
wall of the hollow in which the antistatic agents are
bled out so as to form an aggregation of the antistatic
agents suitable for allowing the electric charges to pass
therethrough. As far as the condition of the continuous
layer 1s concerned, it is to be understood that the con-
ductivity of the continuous layer is increased as the
weight ratio of the antistatic agent contained in the
continuous layer to the total antistatic agent contained
in the fiber is increased.

It 1s well known that a fiber is prowded with a holiow
for the purpose of improving the bulkiness thereof or
enhancing the crimpability thereof. It is also known that
a membrane made of hollow fibers is utilized for separa-
tion of materials by reverse osmosis, dialysis or ultrafil-
tration. In addition, it is known that a hollow water-
absorbing fiber is produced by preparing a hollow fiber
contamning addtives capable of being dissolved out and
bringing the fiber into contact with a particular solvent
to dissolve out the additives from the fiber, thereby
forming fine pores communicating with the hollow of
the fiber. All of the above mentioned purposes are at-
tained by i lncreasmg the hollow ratio of the fiber.

However, it is never known that an improved antista-
tic property can be obtained by providing a hollow fiber
wherein antistatic agents are bled out in the vicinity of
the peripheral wall of the hollow continuously extend-
ing in the longitudinal direction of the fiber, so as to
form a substantially continuous layer of the antistatic
agent therein.

An example of the preparation of the antistatic poly-
ester fiber according to the present invention will be
illustrated below.
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The polyester constituting the substrate of the fiber of 65

the present invention may be selected from the group
consisting of polyalkylene terephthalates and polyalkyl-
ene naphthalates. Among them, preferable polyesters

6

are those polyesters which are composed of a main acid
component consistitig of terephthalic acid and a glycol
component consisting of at least one glycol selected
from alkylene glycols containing 2 to 6 carbon atoms,
1.e. ethylene glycol, trimethylene glycol, tetramethyl-
ene glycol, pentamethylene glycol and hexamethylene
glycol. These polyesters can be prepared by any con-
ventional process. For example, in the case of polyeth-
ylene terephthalate, a terephthalic ethylene glycol ester
and/or a lower polymerization product thereof is pre-
pared by directly esterifying terephthalic acid with
ethylene glycol, or by ester-exchanging a lower alkyl
ester of terephthalic acid, for example, dimethy] tere-
phthalate, with ethylene glycol, or by reacting tere-
thalic acid with ethylene oxide. Then, the ester or the
lower polymerization product is condensed under a
reduced pressure at an elevated temperature to provide
the polyethylene terephthalate having a desired degree
of polymerization.

In the polyesters usable for the present invention, a
portion of the terephthalic acid component may be
replaced with other di-functional carboxylic acids. The
di-functional carboxylic acid may be selected from the
group consisting of di-functional aromatic carboxylic
acid, such as isophthalic acid, phthalic acid, di-
bromoterephthalic acid, naphthalene dicarboxylic acid,
diphenyldicarboxylic acid, diphenoxyethane dicarbox-
ylic acid, B-hydroxyethyoxy benzoic acid and p-
hydroxybenzoic acid; di-functional aliphatic carboxylic
acids, such as sebasn: acid, adipic acid and oxalic acid;
and; di-functional cycloaliphatic dicarboxylic acids,
such as 1,4-cyclohexane dicarboxylic acid. In the poly-
esters usable for the present invention, a portion of the
glycol component may also be replaced with other
glycols. Such glycol may be selected from the group
consisting of aliphatic, cycloaliphatic and aromatic di-
ols, such as cyclohexane-1,4-dimethanol, neopentyl
glycol, bisphenol A, bisphenol S and 2,2-bis[3,5-
dibrome-4-(2-hydroxyethoxy)phenyl]propane. The
above mentioned polyester may be blended with a smali
amount of ether polymers, as required. Such polymer
blend is included within the category of the single com-
ponent as defined herein.

Then, a polyoxyalkylene glycol and an ionic antista-
tic agent are added to the above mentioned polyester
and the resultant polyester is subjected to a spinning-
operation. Thus, the antistatic polyester fiber according
to the present invention is obtained.

It 1s necessary that the polyoxyalkylene glycol should
be substantially non-reactive with the polyester. The
term “substantially non-reactive” as used herein signi-
fies that the polyoxyalkylene glycol is not copolymeriz-
able with the polyester.

If the polyoxyalkylene glycol is reactive with the
polyester, uniform mixing of these components is hin-
dered.

The polyoxyalky]ene glycol usable for the present
invention is preferably selected from the group consist-
ing of polyoxyethylene glycols having an average mo-
lecular weight of 6,000 or more, more preferably,
10,000 or more, and polyoxyalkylene glycols compris-
g at least 50 molar % of an ethylene oxide unit and the
remainder of other oxyalkylen units such as propylene
oxide unit. |

The terminal of the polyoxyalkylene glycol may be a
hydroxyl group, or it may be capped with a nonester-
forming organic group, or it may be linked to other
ester-forming organic group via an ether linkage, an
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ester linkage or a carbonate linkage. If the terminal of

the polyoxyalkylene glycol 1s capped with a nonester-
forming organic group, the polyoxyalkylene glycol
may have a low average molecular weight of from 800
to 4,000. |

The content of the polyoxyalkylene glycol in the
polyester is at most 2% by weight, preferably, at most
1% by weight.

The 1onic antistatic agent which may be used in com-
bination with the polyoxyalkylene glycol in the present

invention may be selected from the group consisting of

anionic antistatic agent, cationic antistatic agents and
mixtures thereof. Examples of the 1onic antistatic agent
are polyethylene glycol, polybutylene glycol, poly(-
metal alkyl, aryl or alkylaryl sulfonates), poly(alkyl,
aryl or alkylaryl amines) and alkylene oxide adducts of
poly(alkyl, aryl or alkylaryl amines). Among these,
anionic antistatic agents containing a group -SO3M are
preferable. Particularly preferable anionic antistatic
agents are metal salts of alkylaryl or aralkyl sulfonic
acids which are represented by the formula:

RSO3;M

wherein R represents an alkyl radical having at least 8
carbon atoms and M represents an alkali metal such as
sodium, potassium and lithium, preferably, sodium.
When the alkyl radical has 7 or less carbon atoms in the
above formula, the compatibility of such metal salt with
the polyester becomes slightly poor. Usually, metal salts
of the above formula wherein R has 8 to 20 carbon
atoms are used and mixtures of these metal salts are
often used.

The content of the metal salt of the alkyl sulfonic acid
in the polyester 1s at most 1.09% by weight, preferably,
0.5% by weight. |

The total content of the polyoxyalkylene glycol and
the 1onic antistatic agent which are contained in the
polyester i1s at most 3% by weight, preferably, 1.5% by
weight, more preferably, 1.2% by weight, in consider-
ation of physical properties of the resultant polyester
fiber. In the mixture of the polyoxyalkylene glycol and
the 10nic antistatic agent, the polyoxyalkylene glycol is
preferably present in an amount of from 50 to 90% by
weight, based on the weight of the mixture. Also, it is
necessary that the content of the mixture in the polyes-
ter should be at least 0.29% by weight. If the mixture

content is less than 0.2% by weight, whatever ratio of

the polyoxyalkylene glycol to the ionic antistatic agent
1s used or whatever hollow rate of the resultant fiber is
used, the intended antistatic effect can not be obtained.

The polyoxyalkylene glycol and the ionic antistatic
agent may be incorporated into the polyester by any
conventional method. These materials may be incorpo-
rated simultaneously or in any order into the polyester.
That 1s, these antistatic agents may be added simulta-
neously or 1n any order to the polyester in the state of a
melt or finely divided particles at any stage before the
completion of the spinning operation, e.g. before the
start of the polycondensation reaction for the prepara-
tion of the polyester, during and at the end of the poly-
condensation reaction, and during the spinning opera-
tion. These antistatic agents may be added in the form of
a melt. Also, these antistatic agents may be divided into
two or more portions and the thus divided portions may
be gradually added. Alternatively, these antistatic
agents may be previously separately added to the poly-
ester and the resultant polyesters may be mixed together
before spinning them. In addition, when these antistatic
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agents are added before the middle stage of the poly-
condensation reaction, a solution or dispersion of these
agents in a solvent such as glycol may be used.

The thus-prepared polyester is converted to a hollow
fiber by the following method. Referring to FIGS. 3
and 4, 1 represents a spinneret having a spinning orifice
2 provided with four arc-shaped slits 3 at the bottom
thereof. After being subjected to conventional melting,
measuring, filtering and dispensing procedures (not
shown), the polyester having incorporated therein the
polyoxyalkylene glycol substantially non-reactive with
the polyester and the ionic antistatic agent is fed into the
spinneret 1 and then, extruded through the spinning
orifice 2 and the slits 3. The thus-extruded fiber has a
hollow at the center thereof which continuously ex-
tends 1n the longitudinal direction of the fiber. That is,
when the molten polyester is extruded through the four
arc-shaped slits 3, the four arc-shaped extrudates are
bonded with each other at the ends thereof, so as form
a hollow continuously extending in the longitudinal
direction of the resultant fiber. In the case, the solidifi-
cation of the molten polyester is started in the vicinity
of the portions of the polyester wherein the four arc-
shaped extrudates are bonded with each other. As the
solidification of the molten polyester proceeds, the
formed hollow portion is in the state of reduced pres-
sure. This reduced pressure state causes the polyoxyal-
kylene glycol to bleed out continuously and easily in the
vicinity of the peripheral wall of the hollow. In this
case, it 1s considered that because the area of the region
near the peripheral wall of the hollow is small and the
ratio of the polyoxyalkylene glycol present in such a
small area to the polyoxyalkylene glycol present in the
other region becomes high, a substantially continuous
layer of the polyoxyalkylene glycol is formed in the
vicinity of the peripheral wall of the hollow.

In order to obtain a fiber of a very high antistatic
property, the width 5 of the slit 3 may preferably be not
more than 0.25 mm.

The shaped of the slit 3 is not limited to the above
mentioned arc-shaped. Also, the number of the slits is
not limited to four. The slit may be of any shape and the
number of the slits may be more or less than four, pro-
vided that a hollow continuously extending in the longi-
tudinal direction of the fiber i1s obtained. In addition, it
is not absolutely necessary that the hollow itself 1s in the
form of a concentric circle. The hollow may be in the
form of an eccentric circle.

It 1s very important for the fiber of the present inven-
tion that the hollow continuously extends in the longitu-
dinal direction of the fiber. The presence of such hollow
1s effective for significantly improving the antistatic
property of the fiber with the use of the least possible
amount of the antistatic agent. It is preferable that the
hollow ratio of the hollow is at most 15%, more prefer-
ably, at most 4%. When the hollow ratio is more than
15%, the resultant monofilament is liable to undergo
fibrillation, which results in a remarkable deterioration
in the mechanical properties of the monofilament, as
evidenced 1n the examples described hereinafter. The
lower Iimit of the hollow rate is not particularly speci-
fied provided that the hollow continuously extends in
the longitudinal direction of the fiber. Generally, it is
satisfactory for the intended purpose of the present
invention that the hollow rate is at least 0.005%.

It has been found that the fiber of the present inven-
tion is excellént in resistance to fibrillation if it has an
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elongation at breakage of not less than 30%. Such a
fiber may be obtained by adjusting the drawing ratio
during the production process so that the resulting fiber
has such an elongation at breakage. = =
The antistatic fiber of the present mventlon should
have a hollow in the cross section thereof. The cross
sections of the fiber and the hollow may be of any
shape, provided: that'the polyester layer of the fiber
continuously extendsin the' fongitudinal direction of the

fiber. For example;the cross sections of the fiber and

the hollow may be both round-shaped.: The cross sec-
tion of the fiber may be polygonal, while the cross sec-
tion of the hollow may be circular. Alternatively, the
cross section of:the hollow may, be polygonal. In addi-
tion, both the cross section of the fiber and the cross
section of the hollow may be of another different shape.
The fiber may also have a multrple of for example, from
2 to 4, hollows.”

In the practical preparation of the hollow ﬁber of the
present invention, the molten polyester having incorpo-

rated therein two kinds-of antistatic agents 1s extruded

. through the slit at a speed of from 500 to 2,500 m/min,

the undrawn filament is drawn and then, heat-treated.

The hollow fiber may also be obtained by extruding the
molten polyester having incorporated therein two kinds
of antistatic agents through the slit at a speed of from
1,500 to 5,000 m/min, drawing the undrawn filament
and false-twisting the drawn filament. The spinning
operation may also be carried out at a high speed of
more than 5,000 m/mm The drawmg Operatron may be
omitted depending on the intended use.:

The term “fiber” as used herein refers to both a con-

tinuous filament and a staple.fiber and may be in any

forms such as a twisted yarn, a textured yarn as a spun
yarn which is made from these: fibers or filaments, and
textile materials made from these yarns, such-as knitted
or woven fabric and non-woven fabric. As is well
known, the pelyester fiber is often subjected to an alkali
treatment’ causmg the weight of the fiber to be reduced
in order to improve the hand thereof. The antistatic
property of the fiber. of the present invention is never
influenced by such alkali treatment and instead thereof,
1t is rather enhanced. When the conventional antistatic
fiber is subjected to the alkali treatment, the antistatic
agents present in the peripheral surface portion of the

fiber are dissolved.out, which results in a reduction in

the antistatic property of the fiber, as previously de-
scribed herein. In contrast, because the antistatic: fiber
of the present ‘Invention has the hollow core portion
therein, even if the dissolution of the antistatic agents
present in the perlpheral surface portion of the fiber
takes place, the antistatic property of the fiber is not
significantly influenced thereby. . .

In accordance with the present mventron, even if the
amount of the antistatic. agent per. welght of the fiber is
small, the antistatic property of the fiber is further en-
hanced because the antistatic agents are concentrated in
the vicinity of the perlpheral wall of the hollow. On the
other hand, in the outer perlphery portron surroundlng
the core portlon wherein the-antistatic agent is origi-
nally present in-a smiall ‘amount, the density-of‘the anti-
static agent becomes-less, due to the bleeding out of the
antistatic agent toward: the hollow core portion. There-

fore, no- substantial decrease in tensile strength and

elongation is observed in:-the hollow antistatic fiber of
the present invention, as compared.with a fiber made of
a homopolymer. Moreover, the hollow antistatic fiber .
of the present 1nvent10n 1s remarkably lmproved in
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resistance to fibrillation, dyeing property and color tone

over. the conventional antistatic fiber. . | .
The present invention will be illustrated in more de-

tail by the following examples. In the examples, the

" measured values were determined by the following

methods. -~ =
(1) Hollow ratio;

cross sectional area of hollow % 100
.. Cross sectienal?ar_ea of fiber inclp_dir_;g hollow

(2) Electrlﬁeatlon frlctron pressure
(i) Device and material

A rotary drum type device for determlnmg frictional
electricity quantity (rotary statlc tester).

Oscilloscope

Friction cloth:

cotton broadcloth (30/-) scoured, bleached and
finished but not sized

(ii) Preparation of a testpiece

Rolling type: 3.8 cm X 30 cm

Metal frame type: 4.0 cm X 8.0 cm

Three testpieces for each of these types are taken so
that the greatest dimension is the longitudinal one.
Three pieces of the friction cloth, cotton broadcloth
(30/-), measuring 2.5 cm X 14.0 cm, are taken so that the
greatest dimension is the longitudinal one. |

(111) Test procedures

@ .- *Moisture conditioning:
. the testpieces are allowed to stand
in a desiccator at a relative
humidity (RH) of 65 + 2% over one
day and one mght Or more
Atmosphere In. a measuring ehamber:
20+ 2°C,,65 2% RH
Testpiece: |
number of superposition one piece
‘Number of revolutions of the drum:
700 r.p.m.
Electrification equilibrium time:
one minute

- Contact pressurrzmg load:
600 g

® © ® 0 0

One testpiece is fitted to the rotary drum of the rotary
static tester with the right side up. One friction cloth is
fitted to clips at the both ends of the lower portion of
the drum at a position so that it contacts the testpiece
parallel thereto. A load of 600 g is applied on the test-
piece. The recorder (5 cm/min), the rotary drum and
the oscilloscope are operated in the order indicated.
When an electrification equilibrium is reached, the fric-
tional electrification’ voltage (V) and the polarity (%
—) are read, and these values each are represented as
the average of the measurements for the three testpleces
(to the second order). | |

With regard to the relationship between the antistatic
effect and the frictional electrification voltage, when
the latter is about 2000 V or less, preferably, 1000 V or
less, the antistatic effect is satisfactory.

(3) Mechanical deterioration of fiber (fibrillation):

“'wo testpieces In layers are set on a testing table of a
JISLO823 friction testing machine II type. The layered
testpieces are rubbed 500 times with a Tetron georgett
crepe fabric (white) under a load of 500 g. The rubbed
surface of the testpiece is observed after the rubbing
operation is complete. The degree of fibrillation is
ranked 1n classes 5, 4, 3, 2, 1 in the order of increasing
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fibrillation. The number 5 denotes no observation of
any fibrillation. When the class is 3 or more, the test-
ptece involved is considered to be acceptable in pracii-
cal applications.

(4) Brilliancy:

A testpiece is subjected to an alkali treatment using
sodium hydroxide, so as to reduce the weight of the
testpiece by about 10% by weight. The brilliancy of the
resultant testpiece is visually observed. The dyeing
clarify obtained by a testpiece consisting of a polyester
fiber with no antistatic agent incorporated thereto is
ranked 5. The brilliancy is ranked in classes 5, 4, 3, 2, 1
in the order to decreasing brilliance. When the class is 3
or more, the testpiece involved is considered to be ac-
ceptable 1n practical applications.

EXAMPLE 1

A mixture of 98.8 parts by weight of a polyethylene
terephthalate having an intrinsic viscosity of 0.65, deter-
mined in O-chlorophenol at a temperature of 25° C., and
1.2 parts by weight of a mixed antistatic agent consisting
of a polyoxylethylene glycol having an average molec-
ular weight of 20,000 and sodium alkylsulfonates having
an average carbon atom from 12 to 13 in a weight ratio
of 2:1 was melted. The resultant melt was fed into the
spinneret as shown in FIGS. 3 and 4 at a rate of 19.7
g/mm by means of a gear pump. Then, the melt was
extruded through a spinneret having 24 spinning ori-
fices each having a diameter 4 of 1.0 mm and a slit width
J to 0.15 mm. The extrusion temperature was 295° C.
The extruded filaments were taken up on a reel at a
speed of 1200 m/min. The undrawn filaments each had
one hollow continuously extending in the longitudinal
direction thereof at the center thereof. The undrawn
filament yarn was fed into a drawing device wherein a
feed roller at a temperature of 80° C., a slotted non-con-
tact heater at a temperature of 210° C. and a take-up
roller were disposed in the order indicated, and then,
drawn at a draw ratio of 2.95 between the feed roller
and the take-up roller. The drawn filament yarn was
taken up at a speed of 500 m/min. The resultant drawn
filament yarn had a denier of 50.1, a tensile strength of
4.2 g/de, an elongation of 429% and a hollow ratio of
1.7%.

Three of the drawn multifilament yarns were con-
verted into a plain knitted fabric having a weight of
about 110 g/m? by using a 20 G knitting machine. The
knitted fabric was preset by dry-heating it at a tempera-
ture of 180° C. for one minute, thereby to give a gray
fabric A. After the preset, the gray fabric A was treated
with an aqueous solution of 3% of sodium hydroxide, at
the boiling temperature thereof. The decrease in weight
of the fabric caused by the alkali treatment was about
10%. Thereafter, the fabric was washed with water and
dried, thereby to give a gray fabric B.

The gray fabrics A and B were dyed under the fol-
lowing conditions.

Dyeing condition

Dye Diamix Blak HG-FS, manufactured by Mitsubishi
Kasei Kogyo. K.X.; 10 o.w.f.

Nonionic dispersing agent Disper VG, manufactured
by Meisei Kasei Kogyo K.K.; 0.5 g/1

Bath ratio: 1:50

Dyeing machine: 12 color high pressure dyeing
machine

(Color Pet)
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‘_ - - _-continued .

Dyemg condition

| Dyemg temperature and time: 130° C. /1 hr

After the dyeing operation, the dyed fabrics were
treated with a neutralizing agent (Bisnhol P-20). Then,
the fabrics were laundered and dried in air. Thereafter,
the dried fabrics were further dried with hot air at a
temperature of from 70° to 80° C. for about 1 hr. From
the thus-treated fabrics A and B, testpleces A and B
were made, respectively.

The laundering operation was carried out in an auto-
matic reverse washing machine charged with 20 1 of
warm water having a temperature of 40° C. and 40 g of
a commercially available synthetic detergent (Zab,
trade name) for 20 minutes. Thereafter, the fabrics were
rinsed with flowing water for 20 minutes. The antistatic
property (frictional electrification voltage), degree of
fibrillation and brilliancy of the testpieces A and B were
measured. The results are shown in Table 1, below.

TABLE 1
— — Property
Reduction in  Frictional
weight by electrifi-
alkali ~ cation Resistance
treatment voltage to fibrillation  Brilliancy
Testpiece (%) (V) (class) {(class)
A Non 425 45 5.0
B 9.6 588 40

4.5

Table 1 clearly indicates that the fiber of the present
invention exhibits an excellent antistific property, a high
resistance to fibrillation and an excellent dyeing clarify.

The cross-sectional view of the antistatic fiber of the
present invention is shown in FIG. 1. FIG. 1 indicates
that the polyoxyalkylene glycol bleeds out in the viciri-
ity of the peripheral wall of the hollow in an amount of
about 40% of the total weight thereof, and notwith-
standing the fiber consists of a single component, the
polyoxyalkylene glycol is present in a high density in
the vicinity of the peripheral wall of the hollow, so as to
form a continuous layer of the glycol in the longitudinal
direction of the fiber. |

The radius of the hollow core portion was found to
be about 30% of the radius of the fiber.

COMPARISON EXAMPLE 1

- The same spinning and drawing operations as those
described in Example 1 were carried out, except that a
conventional spinneret having 24 spinning round ori-
fices each having a diameter of 0.27 mm and a land
length of 0.54 mm was used. The resultant drawn fila-
ment yarn was of a round cross section and had a denier
of 50.0, a tensile strength of 4.3 g/de, and an elongation
of 41%. The same knitting, treating and dyeing opera-
tions as these described in Example 1 were carried out
on the drawn multifilament yarn, thereby to obtain
testpieces A and B. The antistatic property (frictional
electrification voltage), degree of fibrillation and bril-
liancy of the testpieces A and B were measured. The

‘results are shown in Table 2, below. These testpieces

exhibited poor antistatic property.
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to fibriilation and the brilliancy are data measured after
the weight-decreasing treatment.

TABLE 3

e o

Frictional electrification  Resistance
voltage (V) to

Elonga-
tion at

A + B Ratio of breakage Before alkali After alkali fibrillation Brilltancy
No. (wt. %) A:B (%) treatment treatment (class) (class)

-_— o
] 1.5 A alone 42 4380 4430 5.0 5.0
2 3.0 A alone 43 2535 3120 3.0 4.0
-3 5.0 A alone 42 1810 2062 2.0 2.5
4 1.5 B alone 47 981 3400 2.5 2.5
5 3.0 B alone 40 269 3265 1.5 1.5
6 3.0 B alone 40 110 3330 1.0 1.0
7 0.1 1/1 43 3025 3155 5.0 5.0
0.2 1/1 39 1995 . 1910 5.0 5.0
O, 0.2 3/1 37 1910 2105 5.0 5.0
g 0.5 3/1 42 880 1275 5.0 5.0
_ 0.6 2/1 44 674 1110 5.0 5.0
i2 0.9 2/1 42 480 1033 4.5 4.5
13 0.9 A alone 41 6985 8320 5.0 5.0
14 0.9 B alone 45 1135 3650 3.0 3.0
3 1.2 3/1 43 587 985 4.5 4.5
(6 1.2 4/1 40 829 1090 4.5 4.5
il 1.5 1/1 48 353 1212 4.5 4.5
(3 1.5 2/1 41 447 965 4.0 4.0
(9 2.0 2/1 47 349 495 3.5 4.0
8 2.5 4/1 47 680 780 3.5 4.0
3.0 2/1 40 165 2125 3.0 3.5
22 3.6 2/1 46 110 2780 2.0 2.5
23 4.2 2/1 42 122. 2353 2.0 2.5
24 5.0 2/1 45 105 2152 1.5 1.0
25 6.0 2/1 38 97 3007 1.0 1.0
26 7.0 2/1 38 99 2810 1.0 1.0
27 1.2 2/1 47 7535 8475 4.5 4.5
28 2.0 2/1 38 5825 6355 4.0 4.0
29 3.0 2/1 42 4725 5345 3.5 3.5
30 4.0 2/1 39 1995 3055 2.5 2.0
31 5.0 2/1 40 713 3315 2.0 1.0
32 6.0 2/1 39 268 3635 2.0 1.0
33 7.0 - 2/1 45 172 2595 1.0 1.0
34 10.0 2/1 39 108 2460 1.0 1.0

Y
Lh

15.0 2/1

38

79

1750

S ) Property _
Reduction Frictional Resistance
in weight clectrifi- to
by alkal; cation fibril-
treatment voltage lation Brilliancy
Testpiece (%) (V) (class) (class)

40

_ et e

A None
B 9.5

4838 4.5 5.0
5013 4.5 4.5

In the case of the fiber obtained in this example, the
antistatic agents were almost uniformly dispersed
throughout the cross section of the fiber and a substan-
tially continuous layer of the antistatic agents was not
formed. Therefore, the antistatic property of the fiber
was very inferior.

EXAMPLE 2

In each of experiment Nos. 1 through 26, the same
procedures as those described in Example 1 were car-
ried out, except that the extrusion temperature was
changed to 290° C., and the amounts of the polyoxyal-
kylene glycol (A) and the sodium alkylsulfonate (B)
were varied as shown in Table 3. The resultant yarn had
a hollow ratio of 2.8%.

Also, in each of experiment Nos. 27 through 35, the
same procedures of those described in Comparison Ex-
ample 1 (a solid yarn) were carried out, except that the
amounts of (A) and (B) were varied as shown in Table
3. .

The encircled numbers of the experiments indicate
the present invention. The shown data of the resistance
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From the data shown in Table 3, the following con-
clusions were reached.

1. In the case of the solid fiber (Nos. 27 through 35),
if the amount of the antistatic agent is 3.0% by weight
or less (Nos. 27 through 29), little antistatic effect is
obtained. The fibers of Nos. 30 through 35 exhibit an
improved antistatic property. However, the resistance
to fibrillation and the brilliancy of these fibers are not
satisfactory for practical use. Also, even in the fibers
Nos. 30 through 35, an increase in electrification volt-
age after the alkali treatment can not be avoided.

2. If A or B alone is added in amount of 3% by weight
on less, (Nos. 1, 2, 4, 5, 13 and 14), the intended antista-
tic effect is scarcely ‘obtained, and the resistance to
fibrillation and the brilliancy are remarkably reduced. If
A or B alone is added in an amount of 5% (Nos. 3 and
6), the antistatic effect is slightly increased, but the
resistance to fibrillation and the brilliancy are further
reduced.

3. In contrast, when A is used in combination with B
and the total amount of A+RBis 0.2 to 3.0% by weight
(Nos. 8 through 12 and Nos. 15 through 21), the resul-
tant fiber has a satisfactory resistance to fibrillation and
brilliancy for practical purpose and an excellent antista-
tic property. Above all, the fibers of Nos. 10 through 12
and Nos. 15 through 17 are by no means inferior to a
fiber consisting of a polyester alone in respect of physi-
cal properties, and at the same time, these fibers exhibit
a remarkably enhanced antistatic property.

4. When a combination of A and B is added in an
amount exceeding 3.0% by weight, even a hollow fiber
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exhibits a remarkable reduction in resistance to fibrilla-
tion and brilliancy. Therefore, such fiber 1s not useful
for practical purposes.

In each of the hollow fibers, the radius ry of the hol-
low core portions, i.e. the portion where the polyoxyal- 5
kylene glycol w bled out, and the amount of the poly-
oxyalkylene glycol present therein were as follows.

TABLE 3-1

Amount of polyoxyalkylene

Radius (ry) [90] glycol bled out (wt. %) 10
No. 8 25 45
No. 9 35 35
No. 10 35 35
No. 11 30 - 40
No. 12 30 40 15
No. 15 35 35
No. 16 35 30
No. 17 25 45
No. 18 30 40
No. 19 30 40
No. 20 - 35 30
No. 21 30 40 20

The radius R 1s represented in terms of a percentage
(5) relative to the radius r of the fiber. The amount of
polyoxyalkylene glycol bled out 1s calculated by the 55
following equation:

polyoxvalkylene glycol contained in the hollow core portion v
total polyoxyalkylene glycol contained in the fiber

100(%) 30
EXAMPLE 3
In each of experiments, the same procedures as those 3
described in Example 1 were carried out, except that )
the hollow ratio was varied as shown in Table 4, below.
The results are shown in Table 4.
TABLE 4
Frictional 40
electrification Resis-
Hol-  Elonga- voltage (V) tance
low tion at Before After to fib- Bril-
ratio  breakage alkali alkah rillation liancy
No. (Fe) (%) treatment treatment  (class) (class)
36 0.02 41 1913 1987 4.5 4.5 45
37 0.05 1235 1070 4.5 4.5
38 0.1 42 862 780 4.5 4.5
39 0.2 39 627 665 4.5 4.5
40 0.38 40 611! 680 4.5 4.5
41 0.6 38 730 875 4.0 4.0
42 0.8 39 410 560 4.0 40 A0
43 - 1.5 45 403 580 4.0 4.0
44 3.4 39 358 510 - 3.5 4.0
45 4.5 41 380 575 3.5 4.0
46 8 37 250 551 3.0 3.5

16
TABLE 4-continued
Frictional
electrification Resis-
Hol- Elonga- voltage (V) tance
low tion at Before After to fib- Bril-
ratio  breakage alkali alkali rillation  lancy
No. (%) (%) treatment treatment  {class) (class)
47 15 43 253 553 3.0 3.0
48 20 43 215 335 2.5 2.5
49 30 39 226 548 2.0 2.5

In each of the experiments, the change of the hollow

ratio was carried out under the following conditions.

LLLZLZLZZZZZ
Q0200800000
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No.
No. 48
No. 49

TABLE 5
Intrinsic viscosity Moisture
of polyethylene content of
terephthalate tip (%)
0.60 0.005
(.60 0.005
0.60 0.005
0.60 0.005
0.65 0.009
0.65 0.004
0.65 0.004
0.65 0.003
0.65 0.003
0.65 0.003
0.72 0.007
0.72 0.003
0.72 0.003
0.72 0.003

Extrusion Slit
temperature width
(°C.) (mm)
300 0.20
300 0.20
295 0.20
295 0.20
300 0.15
300 0.20
300 0.15
295 D.15
288 0.15
285 0.15
295 0.20
290 D.15
283 0.15
285 0.08

From the data shown in Table 4, the following con-
clusions are obtained. |
1. When the hollow ratio is at most 15% and the total

amount of the polyoxyalkylene glycol and the ionic

antistatic agent is 3% by weight or less, an outstanding
improvement is mode in respect of all of the antistatic
property, the resistance to fibrillation and bnilliancy.

2. Even if the above mentioned total amount is 3% by
weight or less, when the hollow ratio is more than 15%,
the resultant fiber exhibits a poor resistance to fibrilla-
tion and brilliancy which is unsuitable for practical
purposes.

3. Even if the above mentioned total amount is 3% by
weight or less, when the resultant fiber contains no
continuous hollow, a satisfactory improvement in anti-
static property for practical purposes in not attained.

EXAMPLE 4

The procedure as described in Example 1 was re-
peated, except that the used amounts of polyoxyalkyl-
ene glycol (A) and the sodium akylsufonate (B), the
extrusion amount and the drawing ratio were varied, to
obtain a hollow fiber of a hollow ratio of 2.9%. The
results are shown in Table 6.

TABLE 6
Elonga- Frictional electrification Resistance

| tion at voltage (V) to
A + B Ratio of breakage Before alkali After alkali fibrillation Brilliancy
No. {(wt. %) A:B- (6) treatment  treatment - (class) (class)
50 0.6 2/1 9 871 849 2.5 5.0
51 ' " 19 831 8831 2.5 5.0
62 " : 30 862 908 3.5 5.0
&3 " " 37 879 883 4.5 5.0
% " " 42 800 913 4.5 5.0

! " 55 858 980 4.5 5.0
56 1.2 2/1 1] 479 598 2.0 4.5
57 ' ' 22 475 520 2.5 4.5
ofi " 4 31 339 516 3.0 5.0
&3 ' g 37 311 656 3.5 5.0
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melt was extruded through a spinneret having 24 spin-
ning orifices each having a diameter 4 of 1.0 mm and a
slit width 3 of 0.20 mm. The extrusion temperature was
300° C. The extruded filaments were taken up on a reel
at a speed of 1500 m/min. The undrawn filaments each
had one hollow continuously extending in the longitudi-
nal direction thereof at the center thereof. The undrawn
filament yarn was fed into a drawing device wherein a
feed roller at a temperature of 80° C., a slotted non-con-
tact heater at a temperature of 200° C. and a take-up
roller were disposed in the order indicated, and then,
drawn at a draw ratio of 2.55 between the feed roller
and the take-up roller. The drawn filament yarn was
taken up at a speed of 600 m/min. The resultant drawn
filament yarn had a denier of 50.3, a tensile strength of 40
4.0 g/de, an eiongaion of 409% and a hollow ratio of
1.1%.

The drawn multifilament yarn was converted into a
knitted fabric according to the same knitting procedure
as that described 1n Example 1. The physical properties 45

of the knitted fabric were evaluated. The results are
shown in Table 7.

30

35

TABLE 7

An- 50
10nic Frictional electrification
anti- Resistance to Bril-
voltage |
(V) ] |
static  Before alkali After alkali  fibrillation liancy
No. agent treatment treatment (class) (class) 55
50 (a) 530 7147 4.5 4.5
51 (b) 539 728 4.5 4.5
52 (c) 522 760 4.5 4.5
53 (d) 533 755 4.5 4.5
(a) sodium dodecylbenzenesulfonate
(b) potassium dodecylbenzenesulfonate 60

{¢) sodium nonylbenzenesulfonate
{d) sodium 3-nonylphenoxypropanesulfonate

We claim:

65

17 18
TABLE 6-continued
Elonga- Frictional electrification Resistance
tion at voltage (V) to
A + B Ratio of breakage Before alkali After alkali fibrillation  Brilliancy
No. (wt. %) A:B (%) treatment treatment (class) (class)
8 z z 41 487 583 4.5 5.0
" 50 423 629 4.5 5.0
62 1.8 2/1 11 363 734 1.5 4.0
63 N " 21 338 707 2.5 4.0
g " g 33 347 669 3.0 4.0
" N 44 445 694 4.5 4.5
8 " 49 357 637 4.5 4.5
S 56 409 648 4.5 4.5
" 1. An antistatic polyester fiber composed of a single
EXAMPLE 5 po]yn:l?ric clomp()l}:enlt, hayir:jg at] lea:st ohne h(:?lol:v (.;]0!'16
| _ . | extending along the longitudinal axis thereof, the hol-
A r;ll]?}?re ?]f 9.8'8 parts bfy ?ve:ght C’.f 1 pfo(;)gesthglene low ratio being at most 15%, and containing (a) a poly-
lerep dt' aoa tehlavmi an 1]nt1t'1n:-*;10 v1sco:nty © f2.5° ,C etel;; oxyalkylene glycol substantially non-reactive with said
mined in LJ-chiorophehol at a temperature o » @ polyester and (b) an ionic antistatic agent, dispersed
0.8 parts by weight of a mixed antistatic agent consisting 20 4 gh the fiber in an amount of at most 3% by weight
of a po'lyoxyethy]ene glycol ha\flng' an average molecu-. based on the weight of the fiber, characterized by the
!a:i‘welgdm 0{, 281’0%0. and ar ?:uontlp a:;tés::atlc agel;: ZS presence of a highly conductive portion formed by the
.!;1h1cate lm 4 "; n afu;iel_g “?1 10 O £:1 Was mﬁ ca. dispersion of satd polyoxyalkylene glycol around said
he resultant mell was fed nto the spinneret as Shown hollow core in a high density and further characterized
in FIGS. 3 and 4 by means of a gear pump. Then, the 25

in that the tonic antistatic agent is almost uniformly
dispersed throughout the cross-section of the fiber.

2. An antistatic polyester fiber as claimed in claim 1,
wherein the single component i1s a polyethylene tere-
phthalate.

3. An antistatic polyester fiber as claimed in claim 1,
wherein the hollow core ratio 1s 4% or less.

4. An antistatic polyester fiber as claimed in claim 1,
wherein a plurality of hollow cores are present along
the longitudinal axis of the fiber.

5. An antistatic polyester fiber as claimed in claim 1,

- wherein the polyoxyalkylene glycol has a molecular

weight of 5000 or more. |

6. An antistatic polyester fiber as claimed in claim 1,
wherein the ionic antistatic agent contains a group of
the formula: —SO3M wherein M represents an alkali
metal.

7. An antistatic polyester fiber as claimed in claim 6,
wherein the 1onic antistatic agent is represented by the
formula: RSO3M wherein R represents a radical se-
lected from the group consisting of alkyl, aryl and aral-
kyl radicals, and M represents an alkali metal.

8. An antistatic polyester fiber as claimed in claim 1,
wherein the content of the polyoxyalkylene glycol and
the 1onic antistatic agent is in a range of from 0.5 to
1.5% by weight.

9. An antistatic polyester fiber as claimed in claim 1
or 8, wherein the weight ratio of polyoxyalkylene gly-
col to 10onic antistatic agent is in a range of from 9:1 to
1:1.

10. An antistatic polyester fiber as claimed in claim 1,
wherein the radius of the hollow core portion is a half
or less of the radius of the fiber.

11. An antistatic polyester fiber as claimed in claim 1,
wherein at least 309% by weight of the polyoxyalkylene
glycol 1s dispersed in said conductive portion.

12. An antistatic polyester fiber as claimed in claim 1,

having an elongation at breakage of not less than 30%.
% * L * x



Patent No.

UNITED STATES PATENT OFFICE

CERTIFICATE OF CORRECTION

4,357,390

Dated November 2, 1982

Inventor(s) Kivotaka Ozaki, et al .

It i8 certified that error appears in the above-identified patent
and that saild Letters Patent are hereby corrected as shown below:

Column 2,

Column 3,
Column 6,

Column 11,

ISEAL}

line 61:
line 47:
line 63:

line 10:

"imported®” should be --imparted--
"spurn” should be --spun--

"oxyalkylen" should be --oxyalkylene--

"clarify" should be --clarity--

Signcd and Sealed this

Twenty-third D a )’ O f August 1983

Attest:

GERALD ). MOSSINGHOFF

Attesting Officer Commissioner of Patents and Trademarks



	Front Page
	Drawings
	Specification
	Claims
	Corrections/Annotated Pages

